The embryo excised from seed of Grand Rapids lettuce (Lactuca sativa L.) can be cultured in distilled water. Complete digestion of the endosperm and transfer of nutrients from the endosperm to the embryo occur in the germinating seed with fat as the source of food. The fat is utilized for respiration, synthesis of amino acids, and to a degree, converted to sucrose. '4C-Glucose administered to the seed is quickly converted to sucrose in the endosperm and translocated to the embryo. Radioactivity associated with the glucose remains predominantly in the carbohydrate fraction, and much of it is incorporated into what is believed to be cell wall polysaccharides. Relatively little isotope is distributed in the amino or organic acids.
The seed of Grand Rapids lettuce has long been a favorite subject for germination studies, especially in connection with the hormonal and phytochrome actions (2, 6-8, 11, 12, 16, 17) and with the dormancy mechanism (9, 10, 18) . Little is known about how the reserve food is utilized during germination. It is generally conceived that the endosperm and the cotyledons are the sources of food for the embryonic axis of a germinating seed. The lettuce seed has an embryo with relatively large cotyledons invested in a papery endosperm of two cells thick (9) . The endosperm (as well as cotyledons) stores fat (15). This study was undertaken to determine: (a) Exposure of the Seeds to the Radioisotopes. The seeds were surface-sterilized in 1% NaOCl for 1 min, washed, and presoaked for 6 hr. Lots of 4 seeds with pericarp/seedcoat removed were placed in a depression of a porcelain test plate, and covered with "4C-glucose (10 juc/ml). After 4 hr exposure, the seeds were quickly washed in ice-cold water, dissected into embryo and endosperm; each was ground and extracted with 80% ethanol (v/v). The same technique was followed for exposure to "4C-sodium acetate. A high radioactive concentration (100 ,uc/ml) was necessary, since the endosperm appeared to present a barrier to solute uptake (13) . Sodium acetate-U-4C (40 mc/mmole), and D-glucose-U-'4C (3 mc/mmole) were purchased from the Amersham/Searle Corporation, Arlington Heights, Illinois.
Chromatography. The alcohol-soluble fraction was chromatographed on Dowex 50 and Dowex 1 columns, into neutral (largely sugar), amino acid, and acidic (largely organic acid) fractions, and the radioactivity in each was determined (3) . The neutral fraction was further chromatographed on Whatman No. 1 filter paper, using ethylacetate-pyridine-water (8 :2: 1) as the solvent, and the label associated with sugars was determined (4) . In some experiments, the alcohol-insoluble residue was hydrolyzed with 6 N HCl at 105 C overnight, and the compounds released were analyzed for radioactivity.
RESULTS AND DISCUSSION
Support of Embryonic Growth. The isolated embryos of lettuce seeds were capable of growing in distilled water with some loss of dry weight apparently due to respiration. In contrast, more growth resulted with the endosperm attached. An increase of dry weight in the embryo clearly indicated the transfer of food from the endosperm to the embryo. The embryo grew well on glucose, but sucrose was more effective with respect to increasing both fresh and dry weight. The embryos failed to grow on acetate, even though acetate was taken up, as evidenced by a dry weight increase (Table I) .
Substrate for Respiration. The rate of 02 uptake and the respiratory quotient (CO, released/ 02 absorbed) were measured after 5, 21 and 33 hr of imbibition. The Q.2 went up progressively as germination proceeded, but the respiratory quotient remained at approximately 0.7, suggesting that fat is the substrate for respiration at all times (Table II) . In starchbearing grains, such as barley, most of CO2 respired comes from glucose (1).
Utilization of '4C-Glucose. Lettuce seeds do not store starch. Although we have identified a small amount of sucrose, raffinose, glucose, and fructose, most of the carbohydrate probably comes from degradation of wall polysaccharides. The electron microscopy showed that after 8 hr of soaking, the cell wall of the endosperm cells began to distintegrate (R. L. Jones, personal communication) with the release of sugars, and after 3 days, the endosperm completely disappeared (Fig. 1) . 'An estimated dry weight of the embryos based on one determination using 50 seeds. 2 An estimated fresh weight of the embryos based on the average of the other four treatments.
We decided to trace the metabolic fate of glucose which might come from the endosperm. The seeds were presoaked for 6 hr, then exposed to "4C-glucose for 4 hr. The alcoholsoluble fraction was chromatographed on the ion exchange resins. Ninety percent of the radioactivity was recovered in the sugar fraction. Conversion of sugar to amino or organic acids was negligible. The alcohol-insoluble residue was subjected to acid hydrolysis, and the hydrolysate was chromatographed on the Dowex resins. Three-quarters of the label was found in the neutral fraction, suggesting an extensive incorporation of glucose into polysaccharides, most likely cell wall materials.
In many monocot and dicot seeds, glucose from storage tissues is first converted to sucrose, and subsequently absorbed by the embryonic axis as sucrose (4, 5, 14) . A test was made to determine if this pattern holds for lettuce. The seeds (with pericarp removed) were exposed to "4C-glucose for 4 hr, then quickly washed, dissected into embryo and endosperm, each was extracted, and the neutral fraction was analyzed by paper chromatography. The result shows that in the endosperm 50.4% and 40.8% of the radioactivity became distributed in sucrose and glucose, respectively; in the embryo 81.9% and 7.7% of the radioactivity became distributed in sucrose and glucose, respectively. It appears, in lettuce seeds, the carbohydrate, which might come from the endosperm, is converted to sucrose and then transported to the embryo. It is not known why such conversion occurs. The rate of sucrose uptake by the isolated embryos was only one-third that of glucose (data not shown).
Metabolism of "C-Acetate. The metabolic fate of acetate, a /3-oxidation product of fatty acids from the stored fat, was followed by giving tracer quantities of "C-acetate to seeds which had been presoaked at room temperature for 24 hr. Twenty seeds were exposed to 2 ,uc of "C-acetate in 2 ml of water for 2 hr, washed, and homogenized in 80% ethanol. Both the alcohol-soluble fraction and the acid hydrolysate of the insoluble residue were chromatographed. A considerable amount of acetate was converted to amino acids, which in turn was incorporated into insoluble material (Table III) . A small amount of the label was recovered in the neutral fraction; further chromatography of this fraction on paper indicated that more than 50% of the label was associated with sucrose, suggesting the operation of the glyoxylate cycle in lettuce seeds. Some of the sugars synthesized apparently had been incorporated into the insoluble material (Table III) . It appears that lettuce seed conserved most of its carbohydrate for assembly of the wall polymers, while fat was used for respiration and synthesis of amino acids.
